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PROVISIONAL SPECIFICATION 



Invention Title: Suspension system adaptable as a shock absorber 



The invention Is described In the following statement: 
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1A 

SUSPENSION SYSTEM ADAPTABLE AS A SHOCK ABSORBER 

Held of the Inventton 

The present rnventlon relates generally to euspenston units and/or 
suspension systems, particularly adapted for but not exclusively for use wif^ 
5 vehicles or the like. Including vehicles which travel along sealed roads and 
vehicles which travel off-road such as for example, off-road racing vehicles. The 
suspension syBtom or unit is also adapted for use In industrial applications, such 
. as for example. Industrial awNch gear applications, suspension systems for seats, 
partlcularty vehicle seals, track cab auapennons or the lii». 

10 '^««P«<'«'a"fft^.tt» present Invention relates to vehicle suspensfonu^^ 

of the combined gas and liquid type having a moveable piston. 

Even more particulady. the present Invention relates to oieo-pneumaUc 
suspension systems having a reservoir or accumulator for storing or holding fluid 
such ae hydraulic oil. silicone oil or similar, under gas piessure. in fluid 

15 commurlcaliOn with a moHon damping device having a valve anangement or 
similar so that the fluid is contlnuaily being transfenwl befe«een the accumulator 
and the motion damping device in response to movement of the road wheel of the 
vehicle wUh which the unit is associated In use of the vehicle. The suspension 
uses gas under preeeure to provide the unit with rosHience and to effect controlled 

20 rebound of the suspension components and the oontrol movement of the road 
wheel. The present invention also finds application In a compact suspension unit 
having a single unit which is a motion damping unit for use m a wide variety of 
vehicles extending ftom rnotorcydee through to more orless com»ntional vehldas 
fbr nonnal road use and four wheel drive vehicles to specialist vehicles such as 
25 military vehicles and industrial vehicles. 

Although the present invention will be described with particular reference to 
dMferent fomns of suspension system it Is to be noted that the present invention is 
not limited in scope to the described embodiments but rather the scope of the 
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present invention Is more extensive so es to fnolude other Components and 
anangements of the suspension system and other uses than the specific 
embodimente described, including applicatbns other than adjusting the spatlai 
anangement of two moveable membere and controlling their movement relative to 
9 each other. 

BaclqiMVundArt 

One problem associated with vehicles cresslng rough tenain la the amount 
of travel required of the suspension system. Unless virtually unlimited travel of the 
suspensibn system b provided which is Impracdcabte, when the suspension 
10 system reaches ils limit of travel there wfll be contact of one component against 
another component which produces a Jotting ride and ultimately ^tlgua of the 
components contacting each other as well as loss of traction and less control of 
the vehicle. 



15 



In inany applications it is desirable to have a more supple suspension even 
though the vehicle Is used in a harsh environment. In these applications not only 
miwt the suspension components be durable and reliable but the ride must also 
be substaniially smooth or at least the suspension must not reach the limits of lis 
travel or -bottom ouT. Therefore, it Is one aim of the present Invention to provide a 
suspension system or unit which can be used In hareh environments such as 
20 rough tenaln and which pnsvides a supple ride. 

In other applications, such as for example. In nornial domestic vehides of 
the type which are privately owned or in motor cycles, there Is a need for 
suspensions which occupy a smaller space within the confines of the car, bll<e or 
sImHar and yet woric at least as offecUvely as more conventional suspensions In 
25 ordinary everyday driving. Thus, there is a need for a more compact suspension 
unit which occupies less room on or wfthin a vehicle and also provides acceptable 
ride and comfort, which suspension unit can be adapted for use In nonnal road 
going care. 
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Sumnuny of tho tnventhm 

Acoording to one aspect of the present Invention there is provided a motion 
damping suspension untt adaptable Ibr use as a shodc absorber including an 
accumulator for holding and maintaining a fluid underpressure. The accumulator 
has a floating piston that seallngly separates a firet cavit/lbr storing a pressurised 
gas and a second cavity for storing a fluid under pressure, and a motion damping 
means that Is fluid-fWed In operatton and In fluid flow communication with the 
second cavity of the acoumulalor. The motion damping means has a pair of 
relatively nnoveabie parts and vaNe means pemiitting flow of fluid bebveen the 
parts. These parts are capable of relative retracting and extending movement 
during which fluid is forced thnough the valve means at respective predetennlned 
controlled rates so as to dampen the movement The movement is such that when 
the parts relatively ^nd. flidd Is caused to flow from flie second cavity of the 
accumulator to the damping means, whereby gas pressure in the fiist cavity 
1 5 moves the floating piston In the accumulator to reduce the gas pressure In the firet 
cavity, and when the pans relatively retract, fluid is caused to flow from the 
damping means to the second cavity of the accumulator, whereby to move the 
floating piston to increase the gas pressure of the gas in the first cavity. TTie 
relatively moveable parts contain respective chambers for the fluid and comprise a 
20 firet part and a second part in which the first part Is receh«ble. the chamber of the 
first part being in fluid flow comrminicatron with the second cavity. 

The liret part is suffictentiy smaller in cross-section than the second part to 
define an intemiedlale chamber about the first part within the second part. The 
flows at respective predeterminsd controlled rates are directly from the primary 
chamber of the first part to the primary chamber of the second part and at least via 
the intermediate chamber Irom the primary chamber of the second part to the 
primary chamber of the first part. 



25 



30 



In one application, the first part is substantially smaller in cross-section ttian 
said second part whereby said nnotlon damping suspension system is functional 
as a shock absoriDer. and wherein said flows at respective predetennlned 



COMS IDNo: 8MBH»374487 Receded by IP AU8t«lla:-nmo(H:in) 17:36 Date (Y-W^) 2003^12 



'03 TUB 17:29 FAX 61 S S288 1567 



FBEBBILLS CABXBR SHITH B 



4 



controlled rates are direcUy from the primary chamber of ttie first part to the 
primary chamber of the eecond part and via said intermedlala chamber from the 
primary chamber of the second part to the primary chamber of the first part 

In another application, the flow at a ptedetenmlned oontralled rata during 
said retracting movement Is in part directly from the primary chamber of the 
second part to the primary chamber of the first part, and also in part Indirectly 
ther^ebveen \^a said intemiedlate chamber. 

Lateral port means may communlcaie the intsnnedlate chamber and the 
primary chamber of the first part. 

The motion dancing suspension system may Indude respecthre sets of 
shims or sfmnar In part determining said respective piedetemilned controlled rates 
of flow. 



Typically, said fiist and second parts comprise felescopically interengaged 
tubes respectively of relatively smaller and larger diameter. 

IS Advantageously, said valve means Is provided in a valve body fixed at an 

inner end or the bOye comprising said ftst part 

Typically, the suspension unit is a compact unit, preferably adapted fbr use 
with motorcycles, particulariy off-ioad or all terrain motorcycles, racing 
motorcycles and with conventional road going cars or the like. Preferably, said first 
20 part and safd accumulator are integral whereby said second cavity and said 
primary chamber of the first part comprise a single chamber. Typically, said first 
part and said accumulator are provided by a single tube. 

Altematlvaly, said accumulator and said motion damping means are 
separate units and a conduit is provided fbr said fluid flow communication between 
25 the primary chamber of said flrel part and said second cavity. 
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Advantageously, ths oombtned volume of the first and second cavities of 
Ihe aocumuiator remains constant, irrespective of the position or movement of said 
floating piaion axially along the accumulator. 

Typically, the valve means is a flooder vie^e or similar valve allowing fluid to 
5 flow through the valve in two dHferent directions. 

Prefarably. the difference in volume of the motk>n damping means at 
predetermined retracted and extended positions of said parts is substantially the 
same as the change in volume of the second cavity of the accurvwlator between 
said positions. 

10 TypicaBy. the first cavity of the acoumuiatKH- is a gas filled chamber in whl^ 

gas is stored under pressure. The gas may be, eg., air. nitrogen, oxygen, inert gas 
or the nte Including combbnatlons and mixtures thereof. The fiist cavity of the 
accumulator Is praffsrably provided vrflh a gas valve aHowing gas to be admltfsd to 
or withdrawn from the accumulator. The accumulator can be pressurised to any 

15 suitable pressure as predeiemilned by the paitictiar application. The pressure can 
vary from a veiy low pressure such as less than 20 psi fo a very high pressure. 
The predetemiined pressure can range, for example, from less than 20 psi to 
excess of 2000 psi. However, lower pressures can be used In applications such as 
push bikes, motorcycles and other light weight vehicles whereas pressures of 

20 about 200 psi can be used for heavy duty vehicles and higher praesui^s for 
specialised vehicles. The gas pressure in the accumulator is convsnlentiy 
adjustable to any value In accondance with requirements of the vehicle to which 
the suspension unit of the present inveniibn is fitted depending upon the size of 
the vehicle, the ^e of vehicle, the intended use of the vehicle, the ride height of 

25 the vehicle, and the speed of which the vehicle Is driven and other similar 
variable. 

The suspension unit may be used as a shock absorber or may perlbrm the 
same as or a srmPar ftjncllon to a shock absorber and has a shaft diameter 
appropriate lo be able to replace a conventional shock absorber in a suspension 
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system. The flow of fluid in the damping means in one driecUon is oontrolled at a 
first rate and the flow of fluid in a'second direction is controlied at a second rate. 
The first rat© can txe the same as or diffisrent to the second rate, one rata is 
associated with compression of the damping means vt^ereas the other rate is 
5 associated with extension of the damping means. 

The motion damping mear^ may be provided with bypass passages, 
conduits, tubee» tubing, or similar interconnecting the sides of the unit Id provide 
variable val^ng for different rates of nnovement in the dampir>g means, depending 
upon the position of the floating piston. Typically, the by-pass passages are 
10 located externally of the damping unit Adjustment of the variable rates Is 
conveniently from outside the damping unit by adiiusting the flow of fluid through 
tfie by-pass passages. 

The components maidng up the suspension system are preferably low 
friction, audi as by being coeted with a Teflon coating or similar. 

15 The suspen^on unit may include cooling means for reducing the 

temperature of the ^stem during operation. 

The unit may further include a removable, replaceable, interchangeable 
canister or oflier container for varying the gas capacity of the system, or for 
varyir^ the pressure under wlilch the system operates due to the pressurised gas. 

20 The suspension unit may include a gae<fhaiigeable chamber of selectively 

variable pressure, for use in adjusting the at rest separation of the flret and second 
parts. 

Brief Description of the Drawing 

The present invention will now be described by way of example with 
25 reference to the accompan^ng drawing which is a fragmentary crass-sectional 
view of a flrst embodiment of Integrated suspension system acconllng to the 
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pfesent Invention having characteristics that make it suitable for use as a shock 
al)sorber. 

Embodiment of the Invantlon 

In tha embodiment of Rgure 1 , an accumulator and the damping means are 
5 contained within a single component In which the accumulator Is fomied liom a 
first tubular member tdascoplcaliy located virithin a second tubular member which 
is the damping means, the two tubular members being connected together in 
coWnear amangement and being In fluid communication with each other. The 
accumulator Is seaflngly connects to the damping means. This compact 
10 airangement allows flexibility for fitting to standard motor vehicles, motorcycles, 
trucks, cab suspenslonsp seat suspensions or ttie like, typicaliy as a shock 
akssortier. 

Combined component 110 has a first oyifndriCdi tube 112 which Is the 
accumulator received within a second c:yilndrical tube 114. Tube 112 is connected 
15 to tube 114 through an end cap 182 that Includes a sealing oonf^uraBon 117 
about tube 112 and a secure fastenir^ to the end of tube 114. 

Tube 112 Is provided, in this case at the outisoard or pmximal end. wtth a 
filling valve 118 for Introducing gas, such as nitrogen or similar, under pressure 
into aocumulalor tube 112 to fBI a first cavity or cliamber 120 located at or towards 
20 the proximal end of tube 112 for storing gas under pressure. A double sided 
floating piston 122 is provided imeniMdIate the two ends of accumuteitor tube 112. 
The first chamber 120 Is formed between filling valve 118 and piston 122* A 
second chamber 124 is formed between piston 122 and the inboard end or distal 
end of tube 112. Hydraulic fluid flils the second chamber 124 of accumulator 112. 

25 A double acUng valve arrangement 126 Is provided in a valve body 125 at 

or towards the inboard end or distal end of accumulator tube 112. Valve body 125 
slidabiy engages the intertor of tube 114 and separates chamber 124 from larger 
chamber 129 within tube 1 14. Valve body 125 moves through iho hydraulic fluid or 
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the hydraulic fluid moves ttirough it In accoidanoe with con^sponding movement 
of tube 112 diepending on whether the valve body 125 is nxad or Iree to move. 
Preferabl/, the v^e arrangement ift fixed about the end of tube 1 12 by transverse 
fastening screws 127. 

5 Tube 1 12 is substantially smaller in crosshseirtion than tube 1 14 so that an 

Intemiedtate variable-volume annular chamber 1K Is provided mthin tuba 114 
and about tube 112 between end^p 182 and valve body 125. Fluid 
communicafion between chamber 124 and chamber 152 to provided by a ring of 
bleed porte 1S8 displaced axialiy Urom valve body 125. 

10 The Individual valving of valve arrangement 126 is such to allow fluid to flow 

61 one direction at one rate when tube 112 moves In a first axial direction and to 
flow in the opposite direction at a second rate when tube 112 moves in the 
opposite direction. The rate of movement of fluid through the valving dependent 
on the number. 8b» and arrangement of the apertures, ports or passageways, and 

15 on the flow control elements. In fhte case shims 154, 155 tanning the Individual 
vah^ within valve ansngement 126. 

More spec'ffically. when the tubes 112, 114 relatively retract, le.. during 
compression, fluid is forced Into chamber 152 via a ring of outer ducts 150 
adjacent the periphery of valve body 125. On extension or rebound, an annular 
a) non-return shim set 154 closes ducts 150, fluid in chamber 152 is bled through 
ports 166, and fluid flows from chamber 124 ir^ chamber 129 via a ring of oblique 
ports 153 of vahre arrangement 126, controlled by shims 166. In other 
embodiments, shims 1S4, 155 may be substituted by other tomw of on»way 
valve, eg. ball valves. 

25 When end cap 182 passes ports 156. the residuar fluid in chamber 152 

cushions the further relative motion of tubes 112, 114, and thereby provides 
hydraulic top>out 
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• Both endd of oorrAfned oomponerrt 1 10 jare pmvlded with sultabia fittings to 
enable ttiis component to be located in place as part of the euspension system of 
a motor v^lde. It Is to be nt^ that any suitable fHHng can be provided at either 
or both ends of this fomi of the component exemplaiy fittings are Qlustrated. if 
5 necessary or desirable, tubes 112, 114 can be provided wHh outer eooHng Jackets 
for iiBcoMng recycled coolant to cool component 110 in use. AdditaonaOy or 
alternatively, the outer suriace of damping tobe 114 fe provided with removable, 
replaceable and/or interchangeatiie air cooling fins iocatabie around the outside of 
the outer wall of tube 1 14 tor increased cooling if required. 

10 In cqierBftion of this fom of the suspension system the outboani end of 

dancing tube 114 is fbcsdiy localed to suspension components of the wheel of a 
motor v^lde or to another component which fs connected either directly or 
Indirecify to one road wheel of the vehicle, so as to act as a stiocic abwrber forthe 
suspension component Thus, tobe 114 moves in accordance vrtth subatontially 

15 VBiticai movement of the wheel over bumpy or rough terrain or the like. The 
outboard end of accumuiafor tube 1 12 is connected to the body woric of the motor 
vehicle or other fixed component and is thus fixed In place. 

In operation when a road wheel encounters a bump in the form of a crest or 
rise or similar, damping tube 114 Is forced by the suspension of the wheel towards 

20 accumulator tube 112 so that the length of the combined component 110 Is 
reduced. In turn, the inboard end of tobe 1 1 2 is forced further into the body of tube 
114 thereby pumping hydrsulio fluid from within tube 114 thraugh valve 
arrangement 126 into chamber 124 provided between the inboard surface of 
piston 122 end valve anangement 126. As the volume of fluid being forced into 

25 chamber 124 increases piston 122 travels axially along the inside wail of tube 112 
towards the outboard or proximal end of this tube thereby further compressing the 
gas in chamber 120 and increasing the internal pressure within component 110. 
This in turn offers increasing resistance to lurther movement of tube 114 thus 
limiting the amount of travel of tube 1 14 which In turn limits the amount of travel of 

30 the road wheel in a substantially vertically upwards direction. 
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When tho road whoel returns io Its nonnal position, such as for example, 
when reboumling or when encountwlng a trough or oiest in the road the length of 
oomblned unit 110 is increased by tubes 112 and 114 telescoptcally expanding 
wHh respect to each other thereby allowing fluid *> move fnm dhamber 124 Into 
9 tube 1 14 which reduces the amount of fluid in chamber 124 aUowing piston 122 to 
move under ttie Increased gas pressure of Ifm compressed gas stored In chwnber 
120 which In tun» reduces the compression or gas pressure of the gas fri chamber 
120. Further fluid is pumped into tube 1 14 until all of the pressures equiUbrats. The 
rate at vi^lch fluid can flow flirouf^i valve arrangement 126 limits the amount of 
1 0 trav^ of the noad wheel in ttie substantially verfically downwaid direction. 

In a modMcatlon by^ftass conduits or similar are provided at spaced apart 
intemals over the length of the combined conduit The lipase conduits which are 
located external to the body of the unit provide a means of fine tuning the 
oompresslDn and rebound charectartoOos of the unit Typically, one, two. three or 
15 more by-pass tubes are provided in which a two tube anangement allows Itor one 
adfuslment on ccHnpression and a dPerent adjustment on rebound while a three 
tube arrangement allows for two zone adjustment on compresdon and one zone 
acQustmenton r^ound. 

Advantages of the pr^nt invention include the following. The spring rating 
20 charecteristics of the system can be easily adjusted by changing the gas-to-fluld 
volume ratio, eg. by changing gas pressure In the first cavity of the accumulator 
and/or by fltUng different sizuj canlstere. 

There are no metal springs or spring oomponents to tireak or distort 

A flexible and supple ride Is provided even though the vehicle Is being 
26 driven over very rough tenraln at very fost speeds. 

A compact yet eflB<^ve suspension system Is possible using Uie present 
invention. 
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It win be underatood that ttie inventton disclosed wid defined herein extends 
to all alternative combinations of two or nnors of the Individual features mentioned 
or evident from the text or drawrings. All of these difbvent oombfnatione constiluta 
varioue alternative aspecta of the Invention. 



Robertsons Suspension Systems Pfy Ltd 
By its Registered Patont Attorneys 

PireeMlte Carter Smith Beadle 12 August 2003 
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